D efinitive surgery by modifications of the Fontan operation is regarded as the optimal longterm treatment for children with tricuspid atresia. Most patients require palliative surgery to survive beyond infancy with suitable anatomy and physiology. 12 The influences on survival of different strategies of management undertaken in infancy and subsequent suitability for definitive repair are crucial but have not been studied in an unselected population in the Fontan era. Previous reports have either described the outcome of patients who were managed during an era when the Fontan operation was not widely performed,3-5 have given the results of highly selected surgical series,6-9 or have described a cohort of patients without examining the relation of morphology and management strategies on outcome. 10 To calculate the total relative risk of a patient with a particular variant of tricuspid atresia at presentation, the relative risks for the categories describing that patient are multiplied. For example, a patient with a concordant ventriculoarterial connection (1.00) and pulmonary valvar or subvalvar stenosis (0.94) presenting at age >60 days (0.64) with balanced pulmonary blood flow (0.21) and all other categories at their baseline values has a product of relative risks of 1.00x0.94x0.64x0.21=0.126. An estimated survival curve can now be produced using the method detailed in "Appendix B." physician. Operative mortality was defined as death during the whole postoperative hospital period. Duration of follow-up was 0.4-17.3 years (median, 8.0 
years).
Only seven patients (3%) were lost to follow-up.
Morphological terminology, definitions, and criteria for judging a patient to be suitable for a modified Fontan Figure 1 , upper curve). The hazard rate before definitive surgery decreased dramatically over the first year of life but persisted throughout follow-up (Figure 1, insert) .
Those with concordant ventriculoarterial (VA) connections fared significantly better than those with discordant connections (see Figure 2 ) (81% versus 55% at 1 year, 69% versus 36% at 5 years, and 58% versus 36% at 10 years, respectively; p<0.0001), since systemic outflow obstruction occurred almost exclusively in the latter patients ("Appendix A").
Risk Factor Analysis
Univariate risk factor analysis established that discordant VA connections, pulmonary atresia, subaortic stenosis, aortic arch obstruction, or severe acidosis when the patient was first seen each had a relative risk of >2, i.e., a monthly risk of mortality at least twice that of their respective baseline categories. In contrast, pulmonary valvar or subvalvar stenosis, balanced pulmonary blood flow, and an older age at presentation each reduced the relative risk of death by at least half ( Figure 4F ).
The simple additive risk index ( (Table 2) as the new patient. Thus, the example used in the legends of Tables 1 and 2 with a total score of -3 would be expected to have a very low chance of dying before or after palliative surgery and would be likely to survive to an age when definitive surgery could be undertaken (83% compared with other patients). Note, however, that the index is only validated retrospectively and that we might, therefore, expect in the current era that the true outcome for a new patient would be slightly more optimistic than that indicated by the observed proportions of past similar patients.
high correlation between the logarithms of the relative risks for the index and the more precise multiplicative method (r=0.98).
Survival After Palliative Surgery
Palliative surgery was performed in 194 patients (82%) on 257 occasions ("Appendix C"). Survival for the 135 patients who had undergone an initial construction of a systemic-to-pulmonary arterial (SPA) shunt was similar to that of the 31 Figure 5 ; p<0.001 by log rank). Five patients underwent a unidirectional cavopulmonary connection (Glenn procedure) with one operative and one unexpected late death at 2.5 years. The remaining three patients were alive at 12.5, 13, and 13 years of age after modified Fontan procedures. Six other patients underwent various other initial palliative procedures ("Appendix C").
Palliative surgery was not performed for 43 patients (18%), either because they were deemed too sick at presentation to withstand surgery (six patients, all of whom died early), or because they had complex lesions Figure 6 ). In 16 of these 33 patients, an arbitrary decision was taken not to embark on surgery because their anatomy was judged to be "too complex." The other 17 patients were palliated but with an equally poor outcome (Table 4 (Figure 7 ). Death occurred most frequently after palliative surgery (23 patients, 11%), whereas 18 patients (9%) suffered late unexpected deaths, 17 before 4 years of age ( Figure 8 , Table 5 ). New adverse features became evident in 32 patients (16%), most often in the first 4 years of life ( Figure 7 , Table 5 ). Nine patients developed subaortic stenosis: eight after banding of the pulmonary trunk (two in isolation, six together with repair of aortic coarctation) and one with no palliation (because of pulmonary infundibular stenosis).
Multiple SPA shunts were constructed in 39 patients. They accounted for nine of 10 patients who developed severe pulmonary arterial distortion(s), three of six developing marked dominant ventricular dysfunction and one of three developing severe left atrioventricular (AV) valve regurgitation, as well as 10 of 15 patients who acquired pulmonary arterial distortion sufficient to require surgical attention but not sufficient to preclude a Fontan procedure ( 
Morphology, Survival Curves, and Risk Factor Analyses
As a result of the less selected nature of our cohort, the incidence of the rarer and more adverse forms of tricuspid atresia, virtually unrepresented in previous large clinical series,3-6,8-'11,8-21 was relatively high. In particular, obstruction to systemic outflow was far more common in our series (15% versus 0-9%) and was similar only to that found in autopsy series (8-18%).22-24 The continued poor fate of these patients has only been hinted at in previous reports,3'7'10 and the worse outcome of boys in one report18 is a result of the higher incidence of systemic outflow obstruction in boys. Not Conc, concordant; Disc, discordant; DODV, double outlet from dominant ventricle; DORV, double outlet from rudimentary ventricle; PAtr, pulmonary atresia; Trunk, common arterial trunk; VSD, ventricular septal defect; RVOT, right ventricular outflow tract; PV/PI, pulmonary valvar/pulmonary infundibular; PAs, pulmonary arteries; PV, pulmonary valve; IAA, interrupted aortic arch; SAS, subaortic obstruction; ASD, atrial septal defect; juxt, juxtaposition; SVC, superior vena cava; PVC, pulmonary venous connection; LAD tively lenient criteria, 11% of our group were judged unsuitable at presentation and a further 3% were felt to be borderline because of complex anatomy. During the period of study, the decision as to whether or not to undertake an operation for these infants was arbitrary ( '47'48 Although the jury remains out over the question of the optimal age for the Fontan operation, these reports, along with our data, argue in favor of undertaking definitive surgery at a younger age. This would reduce the need for a second palliative procedure for most patients; minimize the effects of chronic hypoxia and volume and pressure loads on the myocardium, and potentially reduce the incidence of sudden cardiac death. Recent surgical series have not reported an increase in operative mortality after early repair,2'9 particularly in the current era.31,49,50 It is unknown, however, whether early definitive repair will also enhance long-term survival and functional status or whether such improvements are more likely to be sustained after a Fontan-type operation because it is performed at a young age. A policy of "elective" Fontan-type procedures in younger patients is supported by the finding in one study that an older age at repair was an adverse factor for long-term survival. 30 It is the varied morphological spectrum of tricuspid atresia, however, that dictates that management decisions must be individualized. We believe that this process will be facilitated by the use of our additive index. The decision as to when to intervene in an asymptomatic patient with a good additive score and high likelihood of definitive surgical success must be balanced against the Table 6 , and associated lesions are listed in Table 7 . Of those with discordant VA connections, 63% were boys (p<0.05). All but 17 of the 144 patients with concordant VA connections had low or balanced pulmonary blood flow at presentation (p<0.001 versus discordant VA connections), caused mostly by restriction at the level of the ventricular septal defect, although it was often at multiple levels (Table 7) . Of the 75 patients with high pulmonary blood flow, 17 (23%) had mild pulmonary outflow obstruction at presentation. Pulmonary arteries were hypoplastic in 53% of those with "effective" pulmonary atresia and in 44% of those with single-outlet and pulmonary atresia. Of the patients with discordant VA connections, 32 (55%) had obstruction of the systemic outflow tract at presentation (p<0.0001 versus concordant VA connections).
The mode of presentation was related to pulmonary blood flow and the presence of associated lesions: 111 of 144 patients (77%) with concordant VA connections presented with cyanosis, whereas 49 of 58 patients (85%) with discordant VA connections presented with dominant signs of heart failure (p<O.Ol). The median age at presentation was similar in the 139 patients with low pulmonary blood flow (median, 16 days; range, 1-236 days), the 75 infants with high flow (median, 32 days; range, 1-236 days), and the 23 patients with balanced pulmonary blood flow and a relatively asymptomatic presentation (median, 36 days; range, 1-364 days). Additional severe acidosis (pH <7.20 for >6 hours) was present in 13 neonates (6% of the total group) on arrival at our institutions (nine in the preprostaglandin era). All had severe obstruction to systemic (n=6) or pulmonary (n=7) outflows.
ECG features were similar to those previously described3 (Table 7) . ST Figure 3 , curve A). Thus, a series of estimated survival curves was produced (Figures 3 and 4 ).
